A bstract. Leaf water potential, leaf relative water content, and r.elative trarkspiration of barley were determined daily under greenhouse conditions at 3 growth stages: tillering to boot, boot to heading, and heading to maturity. The leaf moisture characteristic curve (relative water oontent versus leaf water potential) was the same for leaves of the 6ame age growing in the same environment for the first 2 stages of growth, but shifted at the heading to maturity stage to higher leaf relative water content for a given leaf water potential. Growth chamber experiments showed that the leaf moisture characteristic curve was not the same for pilants growing in different environments.
Soil moisture shortage and high evaporative demand determine periods of water stress in plants. Water stress develops when the rate of water loss from the plant to the atmosphere is greater than the rate of water absorption from the soil and subsequent transport to the evaporating surfaces. This imbalance probably exists for only a short time since the stomates presumably close reducing the rate of water loss. The magnitude of internal water deficit of plants is determined by A) the total quantity of soil water transported to the absorbing surfaces of the root system, and B) the rate of absorption and transport of plant water relative to transpiration demands (16) . Water transported to the root system is a function of root absorption area, soil wal?r potential gradients, and soil capillary conductivi:y. Likewise, the absorption and transport of plant water is a function of water potential gradients and the root and stem conductivities. Both the soil aid plant represent a flow system that is a contintutim subject to the energetics of water transport.
A relationship has been reported between leaf relative water content (relative turgidity) and the water potential (-DPD, diffusion pressure deficit) 1 (8) .
The plant water potentia.l gradient provides a driving force for moving wN%ater up stems (17) . Actively growing leaves di rectly exposed to the sunlight are able to develop lower water potentials (more negative) than stemii or lower and less actively growing leaves that are shaded (12) hours while illuminated with a fluorescent lamp, then were blotted to remove superficial water and weighed to determine the full turgor weight (TW). Thereafter, they were oven dried for 24 hours at 800, and the dry weight (DW) was obtained. The relative water content was calculated by: RWC = 100 (FW-DW) / (TW -DW) I Leaf water potential was evaluated using a Spanner thermocouple psychrometer (4, 14) . Psychrometers were calibrated for known water potentials by lining the chamber with filter paper wetted with K'Cl solution of different normalities. For plant tissue measurements, the psychrometer chambers were lined with barley leaves in the same manner as the filter paper during calibration. After every 3 determinations the thermocouple junctions were cleaned by soaking 15 minutes in xylene, 15 minutes in acetone, and then rinsed with distilled water, in order to maintain the characteristics of the thermocouple as calibrated.
During determinations, the system was maintained at 25 + 0.050 in a constant temperature water bath especially arranged for both RWC and LWP measurements.
Transpirational losses were determined by weighing. Transpiration was monitored over a period of 4 hours, 2 hours before RW'C and LWP measurements to 2 hours after the measurements. The relative transpiration ratios were determined by comparing the loss of the container weight of stressed plants to the loss of the container weight of plants maintained with soil moisture content near field capacity.
Barley plants were also grown in 2 growvtlh chambers under different environmental conditions to determine the effect of temperature and humidity on the constancy of the leaf moisture characteristic curve. One chamber was set at 26 to 280 and 36 % average relative humidity (RH) Knipling (8) found that the LWP decreased for a given value of relative water content when plants were grown at high light intensity and dry environmental conditions. Since a decrease of leaf osmotic potential and an increase of leaf dry matter paralleled the shift, it was assumed that changes in osmotic potentials and cell wall elasticity were the cause of the shift.
There is evidence that the top leaves supply the assimilative power for the synthesis of storage products of barley grains (10). Archbold (1) states that half of the stored material of the barley ear is derived from the activity of leaves and half from stem and sheaths. He also suggests that a large proportion of the latter half is derived from the flag leaf-sheath. In addition (Chonan (3) figure 2 at the low temperature could be due to error reported by Millar (11) . Our water bath temperature was higher than the leaf temperature which probably increased water uptake and decreased the relative water content. Knipling (8) points out that the elasticity of cell walls, the amount of cell material, and the osmotic potential change in leaf tissue growing in dry environments. The leaf moisture characteristic curves of figure 2 appear linear whereas those of figure 1 bend downward at about -22 bars. The straight lines in figure 2 may reflect only the insufficiency of the data.
Relative Transpiration and Leaf Water Potential. Figure 3 presents the plot of the relative transpiration ratio against leaf water potential. Relative transpiration ratio remained relatively constant until about -22 ± 2 bars of LWP and then decreased sharply for the developmental stages studied. Ehlig and Gardner (5) point out that the sharp decrease in transpiration rate occurs because of stomatal closure as a result of turgor loss. Our data suggest that stomates close at about -22 2 bars of LWP. This is also shown in the leaf moisture characteristic curves of figure 1 (9) .
Interestingly RWC (fig 1) is essentially constant until transpiration decreases markedly (fig 3) . Apparently the stomates close just before tissue desiccation becomes severe and the drop in RWC (beyond -22 bars LWP) results from non-stomatal water loss. Oppenheimer (13) 
Conclusions
Ever since Weatherley and Slatyer (19) suggested that RWC could indicate LWP, the constancy of the relationship has been under investigation. The present study suggests that the relationship between RWC and LWP changes at different plant developmental stages. The cause of the shift is unknown and should be determined so that water content as a measure of water potential may be delimited.
Leaf temperature appears to be a necessary measurement in RWC studies. The water bath temperature must be the same as the in situ leaf temperature when RWC is determined.
Stomatal transpiration apparently ceases just before tissue desiccation becomes pronounced and cuticular transpiration probably accounts for further water loss. The difference in LWP between top and bottom leaves was striking for plants grown in soil near field capacity. The gradient in barley was much larger than that in grapevine (15) probably because there was a greater demand for water in barley (stomatal transpiration) than in the leafless grapevine. Apparently the stomates of the uppermost leaves of barley are closed during the afternoon. This is difficult to understand because these leaves are most active in the svnthesis of storage products of barley grain (10) and the stomates should be open much of the time for CO, diffusion. Studies are underway to monitor transpiration rates of individual leaves of intact plants.
